
Solutions to Problem Set 6

1. 

2. This is a matter of perspective. Low oxidation state metals (for example, W2+) have more 
electrons than high oxidation state metals (for example, Mn7+ in MnO4-). The lower oxidation 
state, more “reduced” metals will more easily lose electrons to the highly oxidizing O2 molecule. 
Water, however, is typically considered a ! -donor, and will not bind as well to a more reduced 
metal, thus limiting reactivity. 

3. Since MnCp2 is high spin, and MnCp2* is low spin, we would expect Cp to be a weaker field 
ligand than Cp*. Cp* is a stronger field ligand, due to the Me groups being efficient  electron 
donating groups; this gives Cp* a higher “point charge”. In order to figure out how many 
unpaired electrons there are, we need to look at  the MO splitting of the d orbitals in a 
metallocene: 
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 The µeff  for MnCp2 is 5.92, and for MnCp2* is 1.73. 

4. 

5. Coming soon!

6. As mentioned in class, trimethylamine oxide is a nucleophile which can attack carbonyl 
groups on transition metal complexes. Arranging the complexes in order of increasing loss of 
electron density on the CO groups, we have: 

Mo(CO)6+ > Mo(CO)3(NO)2 > Mo(CO)6 > Mo(CO)4(dpe) > Mo(CO)2(dpe)2 > Mo(CO)52-. 

The order of reactivity is based on the fact  that (1) cations > neutral species > anions, and (2) 
within each class, complexes with the better π -acceptor ligands > complexes with poor ! -
acceptor ligands. The reactivity trends for the above complexes could be determined 
experimentally with IR spectroscopy. 

7. CO, being a good !  acid, prefers low oxidation state metals. Reduction of Ni2+ is necessary to 
get CO to react with a more reduced metal. 

8. The W complex will have η5 and η3 coordination to Cp. Since triphos is a neutral ligand, the 
2+ charge resides on the Pd. Pd2+ has a d8 electron configuration, and therefore would prefer a 16 
electron configuration. As such, each triphos needs to contribute 4 electrons; there are two 
phosphorous atoms per triphos coordinated to Pd2+. 
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9. 

10. 

11. 
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2 PR3: 4 electrons
1 H2: 2 electrons
W(0): 6 electrons
Total: 18 electrons

3 CO: 6 electrons
2 PR3: 4 electrons
2 H-: 4 electrons
W(II): 4 electrons
Total: 18 electrons
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a. If we examine one transition metal center, we find the following information. First, we will 
count electrons using the ionic model. The Cp  ligand donates 6 electrons, and has a negative 
charge. The bridging NO will be a two electron donor, and will most likely donate through its !  
system; therefore, we will count each NO as NO-. Since two NOs are shared per metal, the metal 
gets a +1 charge; each NO- contributes a -0.5 charge. The µ 3 NO will be treated as a neutral 
ligand which can reasonably donate 3 electrons from the 5!  and 2! *. The metal thus has a +2 
oxidation state, and needs to donate 7 electrons; the metal would thus be Co. 

b. The IR absorption bands arise from the NO groups. Each Co has local C3v symmetry, giving 
two absorption bands. 

c. Cp* ligands are much more electron donating than Cp. We would expect metal-to-ligand back 
donation into the NO ! *  MO to increase, thus shortening the NO bond, leading to lower 
stretching frequencies.  

12. 
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